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Abstract
The authors sought to compare the early MRI and CT findings in patients suffering closed head injury and to investigate the impact of
imaging discrepancies on treatment management. A group of 62 patients with closed head injury and discrepancy between the apparently
normal or with minor findings CT scan, and their neurological statuses were prospectively studied with MRI. Both CT and MRI were
performed within the first 6 days after injury. According to the Glasgow Coma Scale (GCS), 46 patients suffered severe head injury
(GCS%8) and 16 patients moderate head injury (GCS 9–12). Four MRI sequences in various planes were applied using a 1T MR scanner. CT
findings were present in 19 out of 62 patients and MRI findings in 61. Extra-axial lesions were found in 52 patients with MRI and in 16 with
CT. Subarachnoid hemorrhage (SAH) was observed in 40 patients with MRI and in 12 with CT. Intraventricular hemorrhage was observed in
15 patients with MRI and in 6 with CT. Intraaxial lesions were demonstrated in 54 patients with MRI and in 17 patients with CT. MRI
demonstrated diffuse axonal injuries (DAI) type I in 27 patients, type II in 32 and type III in 9 as opposed to 2, 1 and 0 patients with CT
respectively. Subcortical gray matter injuries were shown in 12 patients with MRI and 4 with CT. Primary brainstem injuries were shown in 6
patients with MRI and 1 with CT. The FLAIR sequence alone, revealed 89% of the findings demonstrated by all 4 MRI sequences. No
statistically significant difference on GCS versus the hemorrhagic and non-hemorrhagic nature of the lesions was found (pO0.05). In
conclusion, in closed head injury patients with minor or absent CT findings and severe or moderate injury, MRI findings are almost always
present and include particularly DAI lesions and SAH. These differences in favor of MRI do not alter the treatment management.
q 2005 Elsevier Ltd. All rights reserved.
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Computed tomography (CT) is the method of choice for
the evaluation of closed head injured patients [1–3].
Diffuse axonal injury (DAI) is widely recognized as one
of the most common and most severe types of primary
cerebral lesions in head trauma patients [4]. However, CT
underestimates the extent of DAI lesions due to the fact
that more than 80% of them are macroscopically non-
hemorrhagic [1,2]. In addition, CT underestimates intra-
axial or extra-axial lesions close to the scull base due to
beam hardening artefacts [5–7]. It has also been shown that1572-3496/$ - see front matter q 2005 Elsevier Ltd. All rights reserved.
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E-mail address: apolsen@yahoo.com (A.H. Karantanas).lesions depicted by MR imaging could be associated with
the final outcome of the patients [8–10]. MR imaging is the
preferred technique in the evaluation of subacute and
chronic brain injury. It has been suggested that stable
patients with persistent and significant impairment of
consciousness or neurological deficits should be studied
with MR imaging [1,2], preferentially within the first 2
weeks after injury [4]. Limited data have been reported in
the literature on the MR imaging findings in the acute
phase after closed head injury [2,10]. Although it has been
reported that MR imaging findings in the early phase could
predict the clinical outcome [10], no publication, to the
best of our knowledge, has addressed their impact on
patient management. The purpose of the present study was
to compare the early CT and MR imaging findings after
moderate or severe closed head injury, in terms of
identifying significant findings that could alter the manage-
ment of the patients.CMIG Extra: Cases 29 (2005) 1–8www.elsevier.com/locate/CMCONL
A.H. Karantanas et al. / CMIG Extra: Cases 29 (2005) 1–822. Materials and methods
Sixty-two consecutive patients, 10 females and 52 males
(14–67 year-old, mean 32.3G13.4y) with moderate (GCS
9–12) or severe (GCS%8) closed head injury were imaged
prospectively. All patients were intubated and mechanically
ventilated and had an intracranial pressure (ICP) and jugular
bulb venous oxygen saturation (SjVO2) monitoring.
No patient was extubated until the ICP and SjVO2 values
were within acceptable limits (!25 and O55 mmHg,
respectively [11]. A CT examination was performed in
the hyperacute stage to investigate surgical lesions (Figs. 1a,
2a, 3a). Follow-up CT scans were performed according to
clinical demands. No patient with epidural or subdural
hematoma with urgent indications for surgical drainage was
included in the study. CT scan was performed using a
Philips LX plus scanner with 5 mm thin section for the
posterior fossa and 10 mm thick section for the supratentor-
ial structures without any contrast administration. The
patients were all referred from a single site, the intensive
care unit (ICU), under a single criterion, namely discor-
dance between the CT findings and the GCS estimation on
admission. All patients were examined in a 5-year period
with the same MR scanner (1T Philips-Intera, Best, The
Netherlands). MR examinations (Figs. 1b, 2b, 3b) wereFig. 1. Male 19-year-old with severe closed head injury. (a) CT scan in the axial pla
(arrow). (b) MR imaging FLAIR sequence in the transverse plane performed im
addition edematous right SCGMI lesion (small arrow), DAI II in the posterior
hemorrhage in the occipital horns of the lateral ventricles (open arrowheads). Thperformed either within 24 h after CT (50 patients) or
immediately before or after CT (12 patients). MR
examinations were compared only with the latest CT
scans, performed during the first 6 days of hospitalization.
Our standard MR imaging protocol (Table 1) consisted of:(1)ne 3
med
limb
e lastaxial T2-weighted (w) Gradient Spin Echo (GraSE) for
the detection of edematous and/or parenchymal lesions;(2) axial T2-w Inversion recovery fast spin echo (TSE-
FLAIR) for the detection of sabarachnoid hemorrhage and
intraventricular hemorrhage and further characterization
of the intra-axial lesions and extra-axial effusions;(3) coronal T1-w gradient echo Echo Planar images (EPI) for
the detection of hemorrhagic foci (e.g. in diffuse axonal
injury);(4) sagittal T2-w fast spin echo (TSE) for the detection of DAI
II or III lesions in the corpus callosum and brain stem
respectively.The total acquisition time was approximately 11 min. A
pulse oxymeter in the MR room was used for close
monitoring of the patients.
The CT and MR imaging findings were evaluated in
random by two radiologists, who were not aware either of the
admission CT or of the clinical findings. All imaging findings
were classified by consensus as follows:h after injury, discloses a small hemorrhagic lesion in the left thalamus
iadely after the CT, demonstrates the thalamic lesion (arrow), and in
of the internal capsule bialeterally (arrowheads) and intraventricular
is only retrospectively seen on CT.
Fig. 2. Male 27-year-old with severe closed head injury. (a) CT scan in the axial plane 6 h after injury discloses only a small hygroma on the left. The area of the
corpus callosum appears normal. (b) MR imaging T2-w Turbo Spin Echo sequence in the sagittal plane performed immediadely after the CT, demonstrates a
DAI II lesion in the corpus callosum (arrowheads).
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(arr
tran
(arr
theExtra-axial lesions: Epidural hematoma (EDH), subdural
hematoma (SDH), subarachnoid hemorrhage (SAH), intra-
ventricular hemorrhage (IVH) and acute hygroma (AH).2. Intra-axial lesions: Cerebral edema, cortical contusion
(CC), parenchymal hemorrhage (PH), diffuse axonal
injuries (DAI), subcortical gray matter injuries (SCGMI)
and primary brainstem injury (PBI).. 3. Male 64-year-old with moderate closed head injury. (a) CT scan in the axia
ow) with a possible hemorrhagic component posteriorly, suggesting subcortica
sverse plane, 3 h later, confirms the subcortical gray matter injury injury (a
owhead), subarachnoid hemorrhage (small arrow) and a deep white matter lesi
previous trauma.The hyperacute cerebral edema was investigated qualitat-
ively, i.e. by demonstrating the effacement of the cortical
sulci of the cerebral surface and the obliteration of
the subarachnoid cisterns near the skull base, particularly the
suprasellar, quadrigeminal plate and ambient cisterns. The
CC, DAI, SCGMI and PBI were additionally classified as
edematous (e) or hemorrhagic (h). The DAI lesions werel plane 4 h after injury discloses a hypodense area in the right basal ganglia
l gray matter injury. (b) Corresponding MR imaging FLAIR sequence in the
rrows) and in addition discloses a DAI I lesion in the right frontal area
on on the right side posterior to the lateral ventricle, possibly not related to
Table 1
Parameters of the MR pulse sequences
T2-Turbo spin echo T2-Gradient spin echo T1 Echo planar imaging Turbo FLAIR
TR (ms) 2415 4347 30 11000
TE (ms) 120 90 14 140
TI (ms) – – – 2500
Flip angle – – 30 –
Slice thickness (mm)/gap 6.0/0.6 6.0/0.6 6.0/K3.0 6.0/0.6
NSA 2 3 2 2
Field of view (mm) 240 230 220 230
Matrix 256!251 256!238 256!192 256!202
Turbo Factor 19 7 – 23
EPI Factor – 3 5 –
Acquisition time 1 min 46 s 2 min 19 s 58 s 5 min 52 s
A.H. Karantanas et al. / CMIG Extra: Cases 29 (2005) 1–84further classified as DAI I when located between the gray and
white matter in the frontal and parietal lobes, DAI II when
located in the corpus callosum or the posterior limb of the
internal capsule and DAI III when located in the dorsolateral
brainstem. The primary brainstem injuries were defined as the
non-DAI, including the contusion and the pontomedullary rent
[12]. A lesion in the dorsolateral brainstem, was classified as
DAI III when sparing a small area of surface parenchyma and
as contusion when extending to the surface of the brainstem.
Adams et al. [13,14] have described an uncommon diffuse
type of injury characterized by multiple petechial hemor-
rhages localized in the upper brainstem, basal ganglia,
thalamus, and regions around the third ventricle. In the present
study, lesions in the above locations were considered as
SCGMI either edematous or hemorrhagic, according to
imaging criteria.3. Results
Due to hemodynamic instability, four patients (6.5%) with
severe head injury and multiple thoracic and abdominal
injuries died shortly after admission. In all of them, GCS on
admission was 6 and the MR imaging findings unremarkable
(i.e. localized SAH and cortical contusion).
Sixteen patients (25.8%, 15 males, 1 female) presented
with moderate head injury (GCS 9–12). The CT findings
were minor, namely focal SAH in 2 patients, hemorrhagic
cortical contusions in 2 patients and edematous corticalTable 2
Patients with extra-axial lesions after closed head injury
SDH EDH SAH
MRI CT MRI CT MRI
% patients 37.1 6.5 3.2 0 64.5
M/F 20/3 3/1 2/0 – 34/7
Age range 14–48 24–48 22 – 15–58
Median age 24 33 22 – 30
Mean GCS 9.5 9 11 8.7
Statistical description and correlation with admission GCS. SDH, subdural hem
intraventricular hemorrhage; AH, acute hygroma.contusion in 1 patient. The MR imaging findings were as
follows: no findings (nZ1), extraaxial lesions (nZ3),
intraaxial and extraaxial lesions (nZ12). The intraaxial
lesions were mostly non-hemorrhagic with the exception of
focal cortical contusions (nZ4), and a small SCGMI lesion
(nZ1). In the remaining 42 patients (67.7%) presented with
severe head injury (GCS%8), the intraaxial lesions were seen
in both CT and MRI, often associated with hemorrhagic
elements.
In general, CT findings were present in 30.6% of the
patients as opposed to MR imaging findings which were
present in 98.4%. In all CT examinations, various lesions
coexisted. MR imaging disclosed isolated lesions in 8
patients (12.9%), consisting of SDH, AH, SAH and
edematous DAI II, with no specific age distribution.
Extra-axial lesions were found in 83.9% with MR imaging
and in 25.8% with CT (Table 2). Subdural hematomas were
observed with MR imaging in 37.1% demonstrating a mean
diameter of 4.0G2.5 mm (range 1–13 mm). None was
considered to create mass effects and therefore no operation
was performed. CT revealed only 4 SDHs. Epidural
hematomas were observed in only 2 males aged 22 y, with
a diameter of 15 and 24 mm, respectively. MR scans were
performed 3 and 4 h after CT, respectively. The latter was
detected subtemporaly and due to mass effects it was
surgically drained. No EDH was detected with CT.
Subarachnoid hemorrhage was observed in 64.5% with MR
imaging and in 30% of them with CT as well. Intraventricular
hemorrhage was observed in 24.2% with MR imaging and inIVH AH
CT MRI CT MRI CT
19.4 24.2 9.7 16.1 4.8
8/4 13/2 4/2 8/2 2/1
21–49 16–67 34–67 16–58 34–53
34 28 36 45 47
8.5 8 0 8.4 11.5 12
atoma; EDH, epidural hematoma; SAH, subarachnoid hemorrhage; IVH,
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A.H. Karantanas et al. / CMIG Extra: Cases 29 (2005) 1–8 540% of them with CT as well. In only 1 patient, a male
67-year-old, the IVH was not associated with SAH. Acute
hygroma was observed in 16.1% with MR imaging but in
only 4.8% with CT.
Intraaxial lesions were demonstrated in 87.1% with MR
imaging and in 27.4% with CT. The detailed analysis of the
intra-axial lesions and the correlation with admission GCS is
shown on Table 3. In 27 patients (43.5%), DAI I lesions were
demonstrated with MR imaging as opposed to 2 (3.2%) with
CT. In 32 patients (51.6%), DAI II lesions were demonstrated
with MR imaging whilst only 1 (1.6%) with CT. With regard
to DAI III lesions, CT did not demonstrate any of the 9
lesions (14.5%) shown by MR imaging. In 43 patients, DAI
lesions were shown in various stages with MR imaging. Out
of 27 patients with DAI I lesions, 13 had also DAI II lesions,
2 had also DAI III and 4 had both DAI II and III lesions
together. Thirteen patients with DAI II lesions did not show
DAI I lesions. Two patients with both DAI I and III lesions
had no DAI II. One patient showed DAI II and III but no DAI
I lesions. Two patients exhibited DAI III lesions without any
DAI I or II lesions. In 4 patients, all DAI type lesions were
present. The location of DAI II lesions was as follows: 28 in
the splenium of the corpus callosum, 2 in the body of the
corpus callosum and 2 in both the body and splenium.
MR imaging revealed cortical contusions in 69.4% whilst
CT only in 33.9%. In most patients studied with MR imaging
(40 out of 43), other intraaxial lesions were associated with
the contusions. Subcortical gray matter injuries were shown
in 19.4% with MR imaging and in 6.45% with CT. Primary
brainstem injuries were shown in 9.7% patients with MR
imaging and in 1.6% with CT. Both CT and MR imaging
showed 2 cases with parenchymal hemorrhage.
No case of diffuse cerebral edema was demonstrated. A
right posterior cerebral artery infarct was observed with both
CT and MR imaging in a 16-year-old male patient.
The FLAIR sequence alone, revealed 89% of the findings
demonstrated by all 4 MR sequences. Statistical analysis with
unpaired t-test between hemorrhagic and non-hemorrhagic
lesions versus GCS did not reveal any significant difference
(pO0.05).4. Discussion
New concepts for treating traumatic brain injury could
lead to a mortality reduction [15]. Selection of patients with
closed head injury in need of monitoring has to be based on a
global knowledge of the underlying pathologic anatomy. The
results of the present study suggest that major discrepancies
occur between the CT and MR imaging findings in the early
acute head injury patients. These discrepancies however, do
not influence surgical management of the patients. They do
nevertheless provide the ICU physicians with better under-
standing of the underlying process. To the best of our
knowledge, few publications have addressed these discre-
pancies [10,16–20] while none has addressed their impact on
A.H. Karantanas et al. / CMIG Extra: Cases 29 (2005) 1–86patient management. Most of the literature data report on old
design MR sequences. The selection of the proper sequences
in studying trauma patients is a difficult task since we need a
combination of fast acquisition together with high sensitivity
and accuracy. The sequences selected in this study meet the
above criteria since they are fast with total examination time
of 10 min 55 s using a 1T scanner with commercially
available software. The above protocol combines different
mechanisms of contrast. In particular, the T2-TSE sequence
is sensitive to edema, the T2-Grase sequence has the inherent
sensitivity of the gradient echo contrast mechanisms to
demonstrate hemorrhage, the T1-EPI sequence is based on a
gradient echo sequence [21] and the FLAIR sequence is
considered the most sensitive for identification of subar-
achnoid and intraventricular blood [22–24]. The FLAIR
sequence proved to be the most efficient one in the present
study since it alone demonstrated most (89%) of the findings
revealed by the complete MR protocol.
4.1. Extra-axial lesions
The majority of patients with acute SDH have concomitant
parenchymal brain injuries [13,25]. This was confirmed in the
present study since out of 23 patients with MR imaging
findings of SDH, in only one patient there was no other intra or
extra-axial lesion. The acute subdural and epidural hematomas
are adequately diagnosed with CT and almost never reach the
MR room. These patients were not included in the present
study as the inclusion criteria referred to patients with severe
clinical status and minor or no findings on CT. In one patient
with subtemporal EDH, the MR imaging findings altered the
treatment. However, since MR scan was performed 4 h after
CT, the hematoma could simply have enlarged and therefore
could also have been detected with CT.
Traumatic SAH is common. Several etiologic mechan-
isms have been proposed: (1) superficial cerebral contusion
with leakage of blood into the subarachnoid space; (2) direct
injury to leptomeningeal vessels; (3) intraventricular hemor-
rhage with reflux through the 4th ventricular foramina into
the subarachnoid space. Non-contrast CT is the preferred
imaging technique for detection of acute traumatic SAH
(accuracy: 90–95%). Focal traumatic SAH is most often seen
overlying the site of cortical bruising, or subjacent to a
subdural hematoma. Blood in the interpeduncular fossa is a
reliable indicator of SAH. Diffuse spread of SAH throughout
all the subarachnoid spaces is less common in head trauma.
SAH is usually best seen in early CT scans and resolves over
the following days. MR imaging is considered less useful for
the detection of acute traumatic SAH. The higher oxygen
tension (pO2) in the subarachnoid space slows the trans-
formation of oxyhemoglobin (Hb–O2) to paramagnetic
breakdown products such as deoxyhemoglobin (Hb) and
methemoglobin (Hb–OH). However, recent evidence
suggests that FLAIR sequences are more useful than spin
echo (SE) or turbo spin echo (TSE) sequences in the detection
of SAH [22]. In this study, SAH was observed in 64.5% ofpatients with MR imaging and in 30% of them with CT.
It must be stressed that in patients examined with CT and MR
imaging within one hour, the SAH was much more extensive
with MR imaging as opposed to CT. Our findings support the
observation that SAH is a common finding. The significantly
lower detection rate of SAH with CT raises questions with
regard to the accuracy of the method.
As a result of tearing of subependymal veins that line the
ventricular cavities, IVH has been associated with callosal
injuries [3]. In the present study, IVH was observed with MR
imaging in 24.2% of patients and in 40% of them with CT as
well. In only one male 67-year-old, the IVH was not
associated with SAH. There was no case with associated
parenchymal hemmorrhage extending into the ventricle.
Therefore, the IVH probably resulted from reflux of SAH
through the 4th ventricular foramina of Luschka and
Magendie.
4.2. Intra-axial lesions
With regard to cortical contusions, our findings contradict
others who support that they are the most common type of
intra-axial lesions [1]. In our study, cortical contusions come
second after DAI lesions. A possible explanation is that the
sequences currently used as opposed to those of the previous
decade, could increase the sensitivity of the method. However,
we agree with others that cortical contusions make up nearly
half of the primary intra-axial lesions [2]. This is true with MR
imaging but not with CT. The cortical contusions have the
propensity to involve the temporal and frontal lobes especially
along their anterior, lateral and inferior surfaces [2,6,26]. This
may explain why the contusions missed by CT were the ones,
edematous or hemorrhagic, located in the lower part of the
frontal and temporal lobes and therefore, the sagittal and
coronal MR imaging planes demonstrated the lesions to better
advantage. There might be a bias in favor of MR imaging
however, since the latter was performed after CT (0–24 h,
mean 13 h). In addition, if CT is performed shortly after
injury, the contusions can not be demonstrated [2].
Haemorrhage in the contusions was quite common with both
CT and MR imaging, as reported by others [2,6,26].
Concerning the clinical impact of the contusions, they are
thought not to be associated with severe initial impairment of
the consciousness [2,6,27]. The latter could not be tested in the
present study since only 7% of patients with cortical
contusions showed isolated lesions without any other intra-
axial pathology.
Post-traumatic cerebral edema with intracranial hyperten-
sion is a life-threatening secondary traumatic brain lesion. It
starts immediately after injury, but massive edema usually
takes 24–48 h to develop. Since most of the CT and MR
imaging examinations were performed within 48 h following
injury, it is not surprising that no case of diffuse cerebral
edema was observed.
Diffuse axonal injury is presently considered as one of
the most common types of primary lesion in patients with
A.H. Karantanas et al. / CMIG Extra: Cases 29 (2005) 1–8 7severe closed head injury and its sequelae are recognized
as one of the most common causes of unfavorable outcome
[4,10,28,29]. MR imaging has been shown to be sensitive
for detection and classification of these lesions [1,3,4].
This study confirms that DAI constituting about half of all
primary traumatic lesions, is the most common type of intra-
axial lesion in brain trauma [2].
The hemispheric gray-white matter junction has been
considered as the most common location for DAI. This is
probably due to (a) the peripheral location that increases the
vulnerability to trauma and (b) the abrupt change in tissue
density between the gray and white matter [2,11,26]. We
found that the corpus callosum was a slightly more common
location for DAI shearing lesions. A possible explanation is
that almost all patients included in the study had suffered road
traffic accidents, commonly with motorcycle. The splenium
is more commonly affected due to its closer proximity to the
falx [2,3]. This was confirmed in the present study since only
2 lesions out of 42 (4.8%) had a location in the body of the
corpus callosum and another 2 were located in the body and
the splenium. The percentage of the edematous versus
hemorrhagic nature of the DAI lesions in this study, is quite
similar to the one known from the literature [2,6]. The
posterior limb of the internal capsule is considered a fourth
commonly involved site for DAI [5]. Indeed, this type of
lesion was clearly visualized with the FLAIR sequence in 5
patients in the present study, always associated with similar
lesions in the corpus callosum.
Pathologically, the three areas that DAI tend to occur
consist successive stages, namely I, II and III [13,26]. The
involvement is considered to become sequentially deeper
with increasing severity of the trauma. Therefore, DAI II
almost invariably should occur in conjunction with DAI I.
This was not confirmed in the present study. In only 4 patients
(6.5%), all DAI type lesions were present. Among patients
with DAI II lesions, 40.6% did not show DAI I lesions. Two
patients had DAI I and III lesions without DAI II. One patient
showed DAI II and III but no DAI I lesions. Two patients
exhibited DAI III lesions without any DAI I or II lesions. A
possible explanation for this observation is the high impact of
closed head injury in patients of the present study resulting in
unpredictable patterns of injury. Another explanation is
associated with the fact that the MR scanner is not applying
powerful gradients and thus minor lesions could have been
missed.
PBI injuries include DAI, brainstem contusion, and
pontomedullary rent [1,12,13]. DAI III injuries were defined
by location in the dorsolateral quadrant of the midbrain and
upper pons. In the present study, PBI were defined as the non-
DAI III lesions located in the brain stem, not located in the
dorsolateral quadrant. These lesions are usually associated
with lower GCS scores on admission, compared to those
associated with any other type of primary brain injury [1,13].
This was confirmed in the present study.
SCGMI have been defined as uncommon diffuse injuries
characterized by multiple petechial hemorrhages localizedmainly in the basal ganglia, thalamus and regions around the
third ventricle [13,14]. Our findings are in agreement with
others [2] who found that (a) they constituted less than 5% of
all primary intra-axial lesions, (b) a higher percentage of
them are hemorrhagic and (c) they are associated with a very
low GCS score.
Intraparenchymal hemorrhage other than SCGMI, DAI
and contusions, is extremely rare as it was observed in only 2
patients (3.2%).
A subject not addressed in the present study is the
correlation of the MR imaging findings that are not present in
the CT examination, and the final outcome of the patients.
This could be the purpose of a future study. A limitation of
the present study was the order in which the examinations
were performed, CT preceding the MR imaging in most of
the cases. This could result into a bias in favor of the MR
imaging since many lesions in the acute phase of a head
injury appear later.
In conclusion, in closed head injury patients with minor or
absent CT findings and severe or moderate injury according
to GCS, the MR imaging findings are almost always present
and include particularly DAI lesions and SAH. The above
findings do not alter the surgical management. Further studies
need to be performed on the impact of the MR imaging
findings, not evident with CT, on the final outcome of the
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